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Numerical Simulation of Dynamic Response of Structure Caused by Impact Pressure
Using an Eulerian Scheme with Lagrangian Particles

by Hidemi Mutsuda, Member

Yoshiaki Shinkura,

Yasuaki Doi, Member

Summary

We have developed a new numerical scheme that combines a Eulerian scheme with Lagrangian particles to compute
fluid-structure interaction caused by impact pressure. The proposed numerical model was applied to several problems such as
interaction between a solid structure with dam breaking, and hydroelastic due to impact pressure acting on a vertical wall. The
Lagrangian particles are useful and available to capture an interface between different phases. The model can estimate impact
pressure acting on a vertical wall, its deformation, vibration, stress and strain. We made clear three dimensional impact pressure
field of solid structure in space and time and advantageous effect of artificial stress term.
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Fig.1 Definition of physical values on a grid and
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Fig.2 Grid arrangement and particle distribution

(@ : SPH particles, O : Free surface particles )

JEIZ L2, # T CERINIHEERME ¢, (1=3: [EHH)
RV NVREOREZE LT SH. —JF, BEHEE T, [K
FOBERE 2 SREECBNT 222 HME LTREBESN
HHDOThHD. ZORITERE RS, BEMEO AR
BB T D L 2 A, bbb A RRHEAITICORE R
CRESND. 2B, REOWY A PR FE29HSE5
Particle Level Set % ™ & FLille LT, AFEIT A E O AW A
Rz D BRIy DR 2 BLE T AUT R W Z &1, kLD
b5 FECE 7 1 & AR ORLFERERIC L D EHRATT D 200
EWVWIHFEEAA LTS, ZOEBEBRTIL, BT A X
UTOKERIERZRELTONE0, 2RO,
e CEHRINIRM SR OFEREE ¢ (1=1 : <A,
1=2 : %) ZEEBELETSD. ZoK, 1erbizn 4 (2
WIEOYE) £7213 8 GRIDLE) BEICRD LI
BLoZ BB 5. 7238, K08 rp 13475 A A 14 R
EL, BHEFICEBNTEICEL LTEY, RiTREEIS
% Particle Level Set 15 P L (TR & < A>T 5. ZDH
R R TIZ K > T, AR ED 0.1% L TR 5729,
RAEVETIBD TEWW 2 & 2R LT 5 121919,



Lagrange K7 7-f+ Buler B A — A% BN BB T\ 2 AR W) O B S B i AT 197

2.1.2 Lagrange I FDEE S & VKRR
SRS TR E S A7 B R ERL 13, RSO RERRE R G
B> TEMR R END.

——=U(Xp) (1)

ZIT, Xpld, MIT{LEERL, U(Xp) (LE DR TALE T
DRLAHRE &2 F LTV D . AT, 4 YR Runge-Kutta
HBICE o TR &ML Z L2 T 5.

—J7, BRI ELE S e SPH ORI, kg % [k
DOIEE S FEAZE SPH IEIC L » TR E, il 2 ORIF DB EHE
JEaRD D, £, ZORTEEL, BT OEALERCER
SN A~NIFMHET 5 2 & C, R FICER S EE
EEETSH. ZOB, 1 OO TRNICEET DR 7L 58
LHEEEIET S.

213 BHREHNTOBEE

AFETIE, ARAREOH NS BLOEMESIZEDET,

Lagrangei1- B0 - B AT 5 & [RIIFIS, Ei o O FEE
ATV, SR OZFE(L - ZEL & B R EOBYEE O |
ZH->TWA, ZZTlE, ZORFHEET /LI Y XA
WCEIAT 5. HHERR S OHZ T 2 -0 OfRE L
LT, BRRERIE y (X, y, 2) (oo <y < +00) ZHNTCITERT 5.
BRI W CIERERI Sy =0 ERREL, T a L LT
R ZER R CHEBERI B w(x, y,2) 2RO 5. RWNT, il
Mo 2N Nl g BINT, 3o, BEME g, 75& 5L
b (BlxiE, 0500 E) &7 HFEIROME 7% LT ORKLT
ZEET S, O OBEEMAFigII AT, I 2T, L
FABEREICE] X FE S 7201, Enright 5™ 2R LT
o I TR LT R oy BRI D Z EICT 5.

Xp.new =Xp,old + (¥ goal _‘//()_(p))N()—(p) )

::T,milmﬂﬁbt.it,WQQMﬁ%&%iH:
B DHMEREMERLTVS. ZZTN(K) & pgey (0
TP L AT T o L 5 IcER LTz,

. Vi
N=— Y%
V| @)
bmax (¥ (Xp) Pbmax, w(Xp)>0)
_ )= Pmax (v (Xp) Pbmax, w(Xp)<0) @
Vaoal =) p i (w(Xp) kbmin, w(RXp)>0)
—bmin (¥ (Xp)I<bmin, w(Xp)<0)

ZZ T, bygy BE P bpin FETFO XS ICRESND. 7ok,
A LTl o (T2, pIF0I~075REICRET D2 L &
L.
{bmax = o max(dx, dy, dz) )
Pmin = # max(dx, dy, dz)

I BT, A% B RREEEOBHMIR LT, LTS

Interface_ 1)) =()

Fig.3 lustration of redistribution process of free surface

particles near the free surface

AR T D HF OIS UEOR F2RLET 5 Z & L& L.
a<y(xy,z)<y (6)

IT, y T A ROA~OEREDHEETRY 55 H DT
bo. WHEIS, p(Ry)<0 RDRITEPRT S LT, i
RETNT) ZALIETTD. BBa, pBEVTyIE G
X L 72 B TARBLRIARIE T 5737 A — % Th Y #RBRI
[ZRRTE LTV DM, Mg A AR 2270 & & o BdAF 1T
AT CREMT D Z L bR TH . LD X 5 2k f o
FFBCE T LY XA, FHAAROMKER L 22570, 3t
G L J D IRBGIC B o Tl Y A R IR T 5 2 &1
T5.
2.14 BFOFEBHM g OEEFE

B CTERSNEXESHOBER g, (1= 1: %4,
=250, 1=3: @) 1, FrxZlx, BilsiEnikoio
D, HERILIZD T 2720, Fifk i LOF B O KiE 722k
JEIR T2 2 ENRHDH. 22T, ARWSETIE, SPHIERE
THO LD Kemel BJ%iz IV T, HERMHK g, ZEET S
T LT 5. SPHIETIL, Kt | OMETOWIE 4 13,

1
ZOMHOKFN HOYEEDOR LEDLETUTOL I
EFRSND.
¢.

J
mj—Lw ™)
J P 1]

M=

¢| =

j=1

ZoRIL, 2RTEOHE, REYE h oA (Fig.lZH)

128D N B DR DR ER % B A BIEW E AV CHEM

HARIETHZ L AR LTS, KmXTit, R@ODEZ

THSE, BIER DT OB LR g 1T, EEE h A
CEENDRLT OB g, ZHNT, TRTRHET 5.

N
¢i=mw<m,25¢pgﬂwp$g—xﬁh) t)
= P

) X Kernel BESTHY 3RAT T A BSE WS,

22T, mplpp iFRIFAREVp THEEr, VTR B
Z. W,
T, XgBLO X 1, BT KORF OMLE~Y iR



198 H A v 1

T ek, KRS TlE,
L7-.

R h L, YA XD 265 L

I

2.2 EEEEOXEFENX L TORE
O GREAUL, AT OO & EB HRAATH D,

i
Doy, g ©)
dt 6XI
i i
dstzian +9' +Fi (10)
P ox

IIT, pldEE, uliEE, x)ERZ hro j K
Wy, ol R - WROIS T v, Fog EE - i
FHAERE ChS. BEREROFE2T 2484, R10) 12
RYEEOIENT I v ghiE, UTO@Y Ths.

ol =—psl 4+l (11)
2T, SUIMREIEIRNG, P=—-oy /3 ChD. FEMEMEN
KRITET D58, WK A 2 %) 2 BT 5 = L %8I
ANTRONRLETH Y, TR IE, DFO X 5127
5.

{ds"}=[D°1{de"} (12)
2T, DO~ R Y v R, del X0 AR
5y, dST LIRS ORERIHES Tdo 0, ZFRED EF 0 [E]#s
EE A BET D701, AW CIXEL T O Jaumann 3 %
A%,

as i .
-2

57 o[ £l —%5"-5'” J+Siijk +aikskl (3

LA b, RETESRAT 24T 9 72 8 OJaumannig fiE 2 W 5 & |
ROFESHGFEA@O)NE, LT L HIckh%.

du! P si )
ﬁzzmb — _a_|,i 5”.{_ a + b
dt 2 2 2 2

Pa Py Pa Py

(14)
+T1 g8 +R2bfn Jaw—al[_)+gi P

dax] Pa
TIT, Mg A THEE, RY F1I3GraySORE LA
TISHHE AR L, NS e WEENTZEETH L. B
A, 2RITDOYE,

RXK _ —S—Gaz , if aX*>0  (Tension) (15)
a - Pa
0, if 3X<0 (Compression) (16)

L%, 22T, e=00RHE, AL hZEBBB LW &
RS 5. FEL IR Ve BB S .
PLbEELds L, RAS)DRAG IS s ORI,
KA R TRy B2 RIS T 5 2 Lk, Hix
Gl aRHODHZENTES., &b, TORESS S L
hhp (EdROXEYNHRDHND) ZRADITAATH

FRWE H8 T

2008 4= 12 H

1E, Bx A x OIS ol R D Z ERNATREL 720, Bk
(ZRA0) DRI T uM Y, & BITITRIERI ORI TN 23453 5
D WIZ, N7V HRERKD B & B O JE ) & FHE T
% RO TZJET) & AR DO D 5 B RIS K > Thik
EAEFHET 5. EEHHREXAFE T S, IOV TIEE
TITE & REMETE, [ERIC DUV TR T & A 220G ) OTAZ 43 0
THHEZITY.

£72, RA)ICH DHEMERE Fg 1%, UTFO@EY, ER
WI3MDIES (BB TERSNDIEA L L THREDOX(23))
LROOND. ) %, EEKI EOES~NFEMHE L, DITF
ORI IV IMEEZH T A Z LTI+ 2 Z L k5.

1 P(m)
m Va -W(ry —n,h) 17
) 2 gy Ve M) 4D

W72 ) DT Z N FLEABRL - D Z D LA ot THE
W%, KT 5, HHTOEE, WE, (1A L O
B TR 5.

Fsi(ra) =~

2.3 WAEEBOXEAENRETOBE

EH O OBEONITE Mick T, EMETA & JEEME
TR D 3 Pid H RIS D < BB SEBR 24T o T A6 B, ARgRsC T
B0 AR D S FTHIUL, BEALEEZVEN 3 2 ER P T Ok
KIER L O OIREZEEIC KB ERITAE LN L&
fEFR L TWD. 22T, KiickW\W T, I HFEAILN
TR T E R, FEEMRETE Navier-Stokes 7R, | 4H
DHEFERES 4 (0< ¢ <L)OBH AL LTz,

Ni _y (18)
aXi
2

0 OUj 0°Uj
i+uji:_i£+ﬁ Yi +gi+FfSi (19)
ot oX p OXj P OXjOXj
0 0
by g (20)

an

ot
ZIT, e, &AM (=1, i (7=2) , [EME (7
=3) ZEWL, g TEIMHEEE, Fgl3HLEHETH

D, #1E0<g <ILBIULLTOZMEZMET 5.

N
¢|—0

B, ERHOBERKg (1=3) 1%, %R+ 5 SPHERFIC
£oT, ZOREEROEIENRSND.

D O H RO AT time splitting 152 W 5.
EFU0IC, M ELCIP 3% B% V=Bt OFH 0%, L
TORT VKX n+l B HORENZFHAEL, 0
%, HBWHOHEEZIT.

n+1 *
V‘[VP J:v-u )

o At

occupied (21)
otherwise (22)




Lagrange K7 7-f+ Buler B A — A% BN BB T\ 2 AR W) O B S B i AT 199

ZIT, « BBRKROFEMERT. R, ZORT YR
Xz N 5E, EARIRIC BV T B RIFFICHE DK D
BN 5. ZOJEMEZ R O E RN IZ W THT 5.
RNT, BONERESE K, BEBRKOBIHE 217
I, B, WKOYIETH DEE p I L ORHERE 4 13,

BERS g ZHNT, TRICL->TRD .

3

p=Y P (24)
I:?l

u=>"méh (25)
1=1

ks, ER-RASE B A B D oI, WiikaE L
BRSO A A B2 H0ERHDH. Z 2T, FRUC
AT LS, fitk—F 2 1 BN E, ERL—F 1IN
EAT 7175 Z &L,

At =N xAtg (26)

ZIT, Aty BRIV —F ORI 2, At IERE AL —F
v ORFEIA 2% KT

3. BERERER

KUSE Z D Wik & EM OBRISEIENT 21T 9 e,
NN BiA T (BRELZET) & IEME» 2L EICHET
DUBERD L. T I T, TTRRDOITENE & AR O AE/EHIR
U L, AIARIC/ERT 2 BB E O ERGEEZIT 5. K
T, PR L SRR O AERMBICEE L, RFEOR A
ERGET 5.

3.1 FLEBEZRERGEOREERABBE~DER & BERE

ARHEITIE, #E3.22m X BLAT & 1.0m X & & 1.0m o> 5 i N
(2, AMER XY & £0.55m o KA K OWMIA (0.15m X
0.15mx0.4m) % [E & L (Fig.4), MIAAm & O mic/ERT
BHEEEIZOWT, Kleefsman 590 FEEafE R & ik 5 .
AP X3 14mm X 20mm X 15mm & L, MefiZ] 7% 1.0 X
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(H : Sensor location of the water elevation, P : Location of the

pressure sensor on the face of the rigid solid (Right figure) ).
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Fig.5 Time histories of impact pressure acting on the rigid solid
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Fig.6 Free surface deformation with splashing after dam

collapsing in 3D (Purple : rigid solid)
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Fig.7 Wave breaking phenomena acting on the rigid wall with
entrained air (Bagnold type). The vertical wall consists of
SPH particles colored by purple.
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Fig.8 Time history of impact pressure without entrained air
(Wagner type)

10 T " ‘ ‘ I
dxh=1.13 = Computation

8_ — E}.‘l[)er]._'[nellt 7
% o
f )
a4l

2_

0 0o

00 0.04 0.06
1/2
t(g/M)

Fig.9 Time history of impact pressure with entrained air
(Bagnold type)
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Fig.10 Comparison of elastic wall deformation and water

elevation (Left : Experiment®, Right : Present)
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Fig.11 Comparison of time histories of horizontal and vertical
deformation of the leading edge of the elastic wall.
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Fig.14 Impact pressure field acting on a steel wall
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